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DESCRIPTION 

METHOD AND DEVICE FOR PRODUCING OPTICAL FIBER MATRIX 
—Related Application 

5 

This application is a national phase of PCT/JP2005/002874 filed on 
February 23, 2005, which claims priority from Japanese AppHcation No. 2004* 
053842 filed on February 27, 2004, the disclosures of which AppUcations are 
incorporated by reference herein. The benefit of the filing and priority dates of 
10 the International and Japanese AppHcations is respectfully requested. - 

Technical Field 

[OOOl] The present invention relates to a method and apparatus for 
producing an optical fiber preform by Modified Chemical Vapor Deposition 
15 (MCVD) method. 

Background Art 

[0002] MCVD method is a process in which glass layers are deposited on an 
inner surface of a sihca glass pipe by heating the silica glass pipe with a heat 

20 source reciprocating along the longitudinal direction of the silica glass pipe 
while a gas containing at least a glass raw material is supplied into the sihca 
glass pipe fi:om an end thereof. An optical fiber preform can be obtained by 
collapsing the silica glass pipe in which the glass layers are thus deposited. In 
this case, the optical fiber preform may be a preform that can be drawn 

25 directly to form an optical fiber or a preform that can be drawn into an optical 
fiber after it is processed further by synthesizing glass material on the outer 
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surface thereof or grinding the peripheral surface thereof. 
[0003] When the source gas supplied to the siUca glass pipe is heated with 
the heat source in a process for producing a preform according to the MCVD 
method, glass soot which is produced by reaction at the heating position 
5 adheres to the inner surface, downstream of the heating position, of the sihca 
glass pipe to form a glass soot layer. Therefore, the amount of the glass soot 
deposited increases gradually from the heating start end on the source gas 
inlet side of the silica glass pipe, and the amount becomes constant from a 
certain position. The glass soot layer is consolidated by heating to produce a 
10 glass layer. 

[0004] The shrinkage force in consohdating the glass soot layer increases as 
the amount of the glass soot deposited increases. The shrinkage force in 
consolidating the glass soot layer on the source gas inlet side of the sihca glass 
pipe in which the glass soot is deposited in a small amount differs greatly 

15 from that on the exhaust side in which the glass soot is deposited in a large 
amount. A change in shrinkage force of the glass soot layer with positions on 
the sihca glass pipe makes the shrinkage behavior of the sihca glass pipe to be 
nonuniform and causes a disadvantage in which the outer diameter of the 
sihca glass pipe is varied in the longitudinal direction and the thickness of the 

20 glass layer deposited in the sihca glass pipe is nonuniform in the longitudinal 
direction. 

[0005] For the process for producing a preform according to the MCVD 
method, therefore, there have been various proposals. For example, one of the 
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proposed techniques is such that an internal pressure is applied to a silica 
glass pipe by controlling the amount of the buffering gas introduced into a 
buffer chamber, which is provided on the exhaust side of the siUca glass pipe, 
for controUing the silica glass pipe to balance with the shrinkage force and not 
5 to cause shrinkage of the sihca glass pipe (Patent Document l). Another 

technique is such that the amount of the gas exhausted from a silica glass pipe 
is controlled, for controlUng the internal pressure of the silica glass pipe 
(Patent Document 2), and yet another technique is such that an inert gas is 
supplied together with a source gas into a sihca glass pipe from the source gas 

10 inlet side thereof so that the internal pressure of the sihca glass pipe can be 

controlled by adjusting the amount of the inert gas suppUed (Patent Document 
3). The internal pressure of the sUica glass pipe means a differential pressure, 
i.e., a gage pressure, between the absolute internal pressure of the pipe and 
the atmospheric pressure. 

15 [0006] In a recent process for producing an optical fiber preform according to 
a MCVD method, it is required to deposit glass soot into a relatively thin- 
walled sihca glass pipe with a wall thickness of 5 mm or less at a high 
deposition rate exceeding 0.5 g/min, thereby increasing the productivity of the 
preform. In this case, the sihca glass pipe is thin-walled and thus easily 

20 deformed. Since the glass soot is thickly deposited, the difference in shrinkage 
force of the glass soot layer between both ends of the sihca glass pipe becomes 
significant. As a result, the outer diameter precision of the preform 
significantly degrades. When the internal pressure of the pipe is controlled so 
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as to cope with the shrinkage force, for keeping the dimension of the pipe 
uniform, the difference in internal pressure between both ends is significantly 
increased to 5 times or more. Therefore, in order to prevent a decrease in 
outer diameter precision, it becomes necessary to extend the control range of 
5 the internal pressure of the silica glass pipe and increase the control speed. 
[0007] However, the techniques disclosed in Patent Documents 1, 2, and 3 
cannot sufficiently cope with the extension of the control range and an 
increase in the control speed of the internal pressure of the siUca glass pipe. 
For example, in the techniques of Patent Documents 1 and 2, if it is attempted 

10 to extend the control range and increase the control speed of the internal 

pressure of the silica glass pipe, the internal pressure of the silica glass pipe 
cannot be converged to the targeted proper value when a response of means for 
controlling the amount of the buffering gas introduced and the amount of 
exhaust gas to a change in the internal pressure of the silica glass pipe is 

15 made sensitive, because the internal pressure of the silica glass pipe after the 
control becomes an overreacted value to the targeted proper value and 
accordingly the internal pressure is immediately re-controlled to resolve a 
pressure difference corresponding to the overreacted value. Therefore, a 
misshaped silica glass pipe may occur due to a fluctuation of the internal 

20 pressure of the siUca glass pipe. In addition, when the internal pressure of the 
pipe is rapidly decreased, a failure due to a backflow of soot occasionally occurs. 
[0008] The technique of Patent Document 3 has a further problem such that 
the yield of the chemical reaction of the source gas and the deposition 
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efficiency of the glass soot may be changed since the flow rate of the source gas 
supplied together with the inert gas is changed by controlling the flow rate of 
the inert gas. 

Patent Document 1- Japanese Patent AppUcation Publication No. 56*45845 
5 Patent Document 2- Japanese Patent Application PubUcation No. 59-217633 
Patent Document i: Japanese Patent AppUcation Publication No. 2002-274861 

Disclosure of Invention 

Problem to be Solved by the Invention 

10 [0009] The present invention provides a method and apparatus for producing 
an optical fiber preform which are capable of preventing fluctuation in 
shrinkage of a silica glass pipe and continuously performing satisfactory 
production in a process for producing an optical fiber preform according to the 
MCVD method. 

15 Means for Solving the Problem 

[00 10] In order to achieve the object, in an aspect of the present invention, a 
method for producing an optical fiber preform is provided. This method 
includes a step of depositing a glass layer in a silica glass pipe, in which step 
the siUca glass pipe is heated from outside by a heat source relatively moving 

20 in the longitudinal direction of the siUca glass pipe while a gas containing at 
least a glass raw material is charged into the siUca glass pipe. In the 
deposition step of the method, one or more each of an exhaust portion and a 
bufiTering gas inlet portion are connected to the silica glass pipe, and at least 
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the amount of the exhaust gas from the exhaust portion or the amount of the 
buffering gas introduced in the buffering gas inlet portion is feedback- 
controlled, and at least the other one of the amount of the exhaust gas from 
the exhaust portion and the amount of the buffering gas introduced in the 
5 buffering gas inlet portion is pattern-controlled according to a flow rate 
pattern corresponding to heating positions on the silica glass pipe. 
[00 11] In this case, the feedback control may be performed such that at least 
one of the amount of the exhaust gas from the exhaust portion and the amount 
of the buffering gas introduced in the buffering gas inlet portion may be 

10 controlled by measuring the internal pressure of the silica glass pipe so that 
the measured internal pressure may coincide with a targeted value which is 
set for each heating position. Alternatively, the feedback control may be 
performed such that at least one of the amount of the exhaust gas from the 
exhaust portion and the amount of the buffering gas introduced in the 

15 buffering gas inlet portion may be controlled by measuring the dimension of 
the sihca glass pipe near each heating position so that the measured 
dimension of the siUca glass pipe may become a predetermined dimension. 
[0012] In the latter case, a preferable value, which can conform a measured 
dimension to a predetermined targeted value of internal pressiure of the silica 

20 glass pipe, may be calculated beforehand, and the internal pressure of the 
silica glass pipe may be controlled to coincide with the calculated preferable 
value. Such dimension may be at least one of the outer diameter, the inner 
diameter, and the wall thickness of the silica glass pipe. 
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[0013] The deposition rate of the glass layer may be 0.5 g/min or more, and 
the ratio of the maximum to the minimum in a control range of the internal 
pressure of the silica glass pipe may be 2 times or more. Also, a fluctuation in 
the outer diameter of the silica glass pipe in the longitudinal direction after 
5 deposition of the glass layer may be ±1 mm or less. Furthermore, a rate of 

change in the internal pressure of the silica glass pipe may be -50 Pa to +50 Pa 
per second, and the duration time of the internal pressure of the silica glass 
pipe at +20 Pa or less may be less than 2 seconds. 
[0014] In another aspect of the present invention, an apparatus for 

10 producing an optical fiber preform is provided. This apparatus comprises a 
gas supply system for introducing a gas containing at least a glass raw 
material into a silica glass pipe from one of the ends thereofi two or more in 
total of an exhaust portion and a buffering gas inlet portion (at least including 
the former), all of which can be connected to the other end of the silica glass 

15 pipe; a heat source which can move relatively in the longitudinal direction of 
the siUca glass pipe?' a position detecting means for detecting a heating 
position of the heat source on the sUica glass pipe; a first control means for 
controlling, according to a flow rate pattern corresponding to the heating 
positions, at least the amount of the exhaust gas from the exhaust portion or 

20 the amount of the gas introduced into the buffering gas inlet portion; and a 
second control means for feedback-controlling at least the other one of the 
amount of the exhaust gas from the exhaust portion and the amount of the gas 
introduced into the buffering gas inlet portion. 
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[0015] The apparatus may further include a pressure measuring means for 
measuring the internal pressure of the silica glass pipe, and the second control 
means may feedback-control at least the amount of the exhaust gas from the 
exhaust portion or the amount of the gas introduced into the buffering gas 
5 inlet portion so that the internal pressure of the silica glass pipe may coincide 
with a targeted value set for each heating position. Alternatively, the 
apparatus may further include a dimension measuring means for measuring 
the dimension of the silica glass pipe near each heating position of the heat 
source, and the second control means may feedback-control at least the other 

10 one of the amount of the exhaust gas from the exhaust portion and the amount 
of the gas introduced into the buffering gas inlet portion so that the dimension 
of the sUica glass pipe measured by the dimension measuring means may 
coincide with a predetermined targeted dimension of the pipe. 
Advantage of the Invention 

15 [0016] The method and apparatus for producing an optical fiber preform of 
the present invention are capable of rapidly converging the internal pressure 
of the silica glass pipe to the targeted value without causing excessive 
response in a control operation even when the internal pressure of the silica 
glass pipe is controlled in a wide range. Therefore, even when a glass layer is 

20 deposited at a high deposition rate in a thin-walled silica glass pipe, 
fluctuation in shrinkage of the silica glass pipe can be prevented to 
continuously perform satisfactory production. 
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Brief Description of the Drawings 

[0017] Figure 1 is a conceptual view showing a first embodiment of an 
apparatus for producing an optical fiber preform according to the present 
invention. 

5 Figure 2 is a block diagram showing the operation of a control unit of the 

apparatus for producing an optical fiber preform according to the first 
embodiment. 

Figure 3 is a conceptual view showing a second embodiment of an 
apparatus for producing an optical fiber preform according to the present 
10 invention. 

Figure 4 is a block diagram showing the operation of a control unit of the 
apparatus for producing an optical fiber preform according to the second 
embodiment. 

Figure 5 is a conceptual view showing a third embodiment of an 
15 apparatus for producing an optical fiber preform according to the present 
invention. 

Figure 6 is a block diagram showing the operation of a control unit of the 
apparatus for producing an optical fiber preform according to the third 
embodiment. 

20 Figures 7(a) and 7(b) are graphs showing targeted values and measured 

values of the internal pressure of a pipe and a buffering gas flow rate, in which 
the values are plotted with regard to heating positions, and in which Fig. 7(a) 
is a graph of Comparative Example 1 and Fig. 7(b) is a graph of Comparative 
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Example 2. 

Figure 8 is a graph showing targeted values and measured values of the 
internal pressure of a pipe and a buffering gas flow rate, in which the values 
are plotted with regard to heating positions in Example 1. 
5 Figure 9 is a graph showing targeted values and measured values of the 

internal pressure of a pipe and a buffering gas flow rate, in which the values 
are plotted with regard to heating positions in Example 2. 

Figure 10 is a graph showing values of maximum/minimum ratio of the 
internal pressiu-e of a pipe, in which the values are plotted with regard to the 
10 deposition rates shown in Table 1. 

Figure 11 is a graph showing values of fluctuation in the outer diameter 
of a glass pipe, in which the values are plotted with regard to the deposition 
rate in each of the examples shown in Table 2. 

Figure 12 is a graph showing values of fluctuation in the diameter of a 
15 glass rod, in which the values are plotted with regard to the deposition rate in 
each of the examples shown in Table 2. 

Figure 13 is a graph showing values of the outer diameter of a silica 
glass pipe, in which the values are plotted with regard to the positions in the 
longitudinal direction of the silica glass pipe, using, as a parameter, the upper 
20 Umit of a change of the internal pressure of the silica glass pipe in Example 4. 
Reference Numerals 

[0018] 1 apparatus for producing an optical fiber preform 
3 siHca glass pipe 
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5, 6 glass pipe 

9 support 

11 buffer chamber 

13 heat source 

14 auxiliary heat source 

15 pressure gauge 
17 exhaust portion 

21 first buffering gas inlet portion 
21b flow rate control means 

22 second buffering gas inlet portion 
22b flow rate control means 

25 position detecting means 

27 control unit 

27a first control means 

27b second control means 

29 soot 

31 soot collecting unit 

33 glass layer 

101 apparatus for producing an optical fiber preform 

117 flow rate control means 

201 apparatus for producing an optical fiber preform 

227 control unit 

227a first control means 
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227b preferable pressure calculation unit 
227c second control means 

230 dimension measuring means 

231 CCD camera 

232 image analysis and processing device 

Best Mode for Carrying Out the Invention 
[0019] Embodiments of the present invention will be described below with 
reference to the drawings. The drawings are aimed at description, not at 
limiting the present invention. In the drawings, the same reference numeral 
denotes the same portion in order to avoid duplication of description. In the 
drawings, a dimensional ratio is not necessarily correct. 

[0020] Figure 1 is a conceptual view showing an apparatus for producing an 
optical fiber preform according to a first embodiment of the present invention. 
In the apparatus 1 for producing an optical fiber preform according to the first 
embodiment, a glass layer is deposited on the inner peripheral surface of a 
sihca glass pipe by an MCVD method to form an optical fiber preform. The 
apparatus 1 includes a support 9 for supporting both ends of the cylindrical 
sihca glass pipe 3 through handling glass pipes 5 and 6, respectively. In Fig. 1, 
the sihca glass pipe 3 is disposed horizontally in the longitudinal direction, but 
the siUca glass pipe 3 may be disposed vertically. The support 9 has a rotation 
driving mechanism (not shown in the drawing) for rotating the sihca glass 
pipe 3 around the central axis thereof. 
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[0021] The apparatus 1 for producing an optical fiber preform includes a 
source gas supply system (not shown) for introducing a glass source gas into 
the silica glass pipe 3 fi:om an end (the left end in Fig. l); a buffer chamber 11 
connected to the other end of the silica glass pipe 3; a heat source 13, which is 
5 provided on the support 9 so as to be reciprocatable along the longitudinal 

direction of the silica glass pipe 3, for heating the silica glass pipe 3> a pressure 
gauge 15 for measuring the internal pressure of the silica glass pipe 3?' first 
and second buffering gas inlet portions 21 and 22 and an exhaust portion 17, 
which are connected to the other end of the silica glass pipe 3 through the 
10 buffer chamber \1\ position detecting means 25 for detecting a heating position 
of the heat source 13 on the silica glass pipe 3; and a control unit 27 for 
controlling the amounts of the gases introduced into the buffering gas inlet 
portions 21 and 22 to control the internal pressure of the silica glass pipe 3 to 
a desired value. 

15 [0022] The gas supplied to one of the ends of the silica glass pipe 3 fi:om the 
source gas supply system contains a halide such as SiCU, GeCU, POCI3, SiF4, 
or the like and siloxane such as (CH3)6"Si20 or the like as glass raw material 
gases, and oxygen gas, helium gas, or the like as a carrier gas. The buffer 
chamber 11 is provided for adjusting the internal pressure of the silica glass 

20 pipe 3. A soot collecting unit 31 is connected to the bottom of the buffer 

chamber 11, for recovering soot 29 which is discharged to the buffer chamber 
11 from the end of the silica glass pipe 3 without adhering to the inner 
peripheral surface of the silica glass pipe 3. 
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[0023] The heat source 13 is a burner for heating the silica glass pipe 3 to a 
predetermined temperature using a flame 13a such as an oxyhydrogen flame 
or plasma flame. A furnace such as an induction furnace or a resistance 
furnace, or a laser such as a CO2 laser can be used as the heat source. In the 
5 first embodiment, an auxiliary heat source 14 is also provided for heating the 
glass pipe 6 so as to prevent adhesion of soot to the handling glass pipe 6 at 
the other end of the sihca glass pipe 3. The silica glass pipe 3 supported on the 
support 9 is rotated in the direction of arrow F so that the pipe 3 is uniformly 
heated over the entire periphery with the heat source 13. In the first 
10 embodiment, the supply of the source gas and the heating operation with the 
heat source 13 are controlled so that the deposition rate of a glass layer is 0.5 
g/min or more. 

[0024] The pressure gauge 15 is a pressure measuring means for indirectly 
measuring the internal pressure of the silica glass pipe 3 by detecting the 
15 internal pressure of the buffer chamber 11 communicating with the sihca glass 
pipe 3. The value of the internal pressure of the silica glass pipe 3, which is 
measured by the pressure gauge 15, is communicated to the control unit 27 for 
feedback control. 

[0025] The exhaust portion 17 connected to the buffer chamber 11 includes 
20 an exhaust pipe 17a communicating with the buffer chamber 11 and an 

exhaust control valve 17b for controlling the amount of the exhaust gas fi:om 
the buffer chamber 11 by adjusting the opening of the exhaust pipe 17a. The 
first and second buffering gas inlet portions 21 and 22 have flow rate control 
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means 21b and 22b provided at intermediate positions of pipe lines 21a and 
22a, respectively, which communicate with the buffer chamber 11. The 
amounts of the pressure control buffering gases supphed to the pipe Lines 21a 
and 22a and introduced into the buffer chamber 11 can be controlled to desired 
5 flow rates by the flow rate control means 21b and 22b, respectively. The 

buffering gas supphed to each of the pipe Unes 21a and 22a is, for example, an 
oxygen or inert gas. 

[0026] In the first embodiment, the position detecting means 25, which is 
mounted on the heat source 13, measures a horizontal distance firom one of the 
10 ends of the siUca glass pipe 3 to the heat source 13 and thereby detects the 
heating position HI on the sflica glass pipe 3 heated by the heat source 13. 
The heating position HI detected by the position detecting means 25 is 
communicated to the control unit 27. 

[0027] Figure 2 is a block diagram showing the operation of the control unit 
15 of the apparatus for producing an optical fiber preform according to the first 
embodiment. The control unit 27 includes first and second control means 27a 
and 27b. The control unit 27 also has data collected on relations between the 
internal pressvire of the silica glass pipe 3 and the change in the dimension of 
the pipe and relations between the internal pressure of the silica glass pipe 3 
20 and the amount of the gas introduced therein. In addition, the control unit 27 
has a calculation pattern that can calculate, based on the data, the amount of 
the gas to be introduced for securing the appropriate internal pressure of the 
silica glass pipe for each heating position HI. 
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[0028] The first control means 27a receives information on the heating 
positions Hi of the heat source 13 firom the position detecting means 25. And, 
according to a flow rate pattern determined for heating positions HI on the 
basis of the calculation pattern, the first control means 27a controls, through 
5 the flow rate control means 21b, the amount of the gas introduced into the 
buffer chamber 11 firom the first buffering gas inlet portion 21. In a difierent 
system fi:om the first control means 27a, the second control means 27b 
calculates a targeted value of the internal pressure of the silica glass pipe 3 for 
each heating position HI on the basis of the calculation pattern and controls 
10 the amount of the gas supplied to the buffer chamber 11 through the flow rate 
control means 22b so that the measured value, which is communicated firom 
the pressure gauge 15, of the internal pressure of the silica glass pipe 3 may 
coincide with the targeted value. 

[0029] In the apparatus 1 for producing an optical fiber preform, the siHca 
15 glass pipe 3 is externally heated by the heat source 13 while the glass raw 

material is charged in the silica glass pipe 3 firom one of the ends to deposit a 
glass layer 33 on the inner surface of the siUca glass pipe 3. During the time 
of such deposition, the amounts of the gases introduced from the buffering gas 
inlet portions 21 and 22 to the buffer chamber 11 are pattern-controlled by the 
20 first control means and feedback-controlled by the second control means so 

that the internal pressure of the silica glass pipe 3 is controlled by the control 
unit 27 to a predetermined value. The pattern control is very useful for 
changing, quickly and in a wide range, the internal pressure appUed to the 



17 

Substitute Specification 
(Marked'up Copy) 

silica glass pipe 3. The feedback control is very useful for finely and precisely 
controlling the internal pressure of the silica glass pipe 3. 
[0030] Thus, by combining the pattern control and the feedback control, 
which have different properties, the internal pressure of the silica glass pipe 
5 can be controlled and converged to the targeted proper value without causing 
excessive response in the control operation even when the internal pressure of 
the silica glass pipe 3 is controlled in a wide range. Therefore, even when the 
glass layer 33 is deposited at a high deposition rate in the thin-walled silica 
glass pipe 3, satisfactory production can be continuously performed while 

10 preventing fluctuation in the dimension of the silica glass pipe 3. 

[0031] The silica glass pipe 3 in which the glass layer has been deposited to a 
predetermined thickness on the inner peripheral surface is further heated to 
be a soUd rod by collapsing so as to become an optical fiber preform. In such 
solidification, the siUca glass pipe may be shrunk directly to become a solid rod, 

15 or the silica glass pipe 3 may be coUapsed to be integrated with a glass rod 
which has previously been inserted into the hollow of the pipe 3, 
[0032] In the first embodiment, the internal pressure of the silica glass pipe 
3 is detected directly by the pressure gauge 15 provided on the buffer chamber 
11. However, the pressure gauge 15 may be provided at the exhaust portion 17, 

20 or at the end of the siUca glass pipe 3 on the source gas inlet side, or the like. 
For example, when the pressure gauge 15 is provided on the exhaust portion 
17, the internal pressure of the silica glass pipe 3 can be determined indirectly 
by relative comparison with the pressure of the exhaust portion. 
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[0033] In the first embodiment, the amount of the gas introduced into the 
buffer chamber 11 is controlled for controlling the internal pressure of the 
siUca glass pipe 3. However, instead of control of the amount of the gas 
introduced, the amount of the exhaust gas fi-om the exhaust portion 17 may be 
5 controlled, or both the amounts of the exhaust gas and the gas introduced may 
be controlled for controlling the internal pressure of the silica glass pipe. 
[0034] Figure 3 is a conceptual view of an apparatus for producing an optical 
fiber preform according to a second embodiment of the present invention. 
Figure 4 is a block diagram showing the operation of a control unit of the 

10 apparatus for producing an optical fiber preform according to the second 

embodiment. An apparatus 101 for producing an optical fiber preform of the 
second embodiment is different from the first embodiment in that the amount 
of the exhaust gas firom a buffer chamber is pattern-controlled. 
[0035] The apparatus 101 for producing an optical fiber preform has a 

15 control unit 127. Accordingly, the apparatus 101 for producing an optical fiber 
preform is partially different fi-om the configuration of the apparatus 1 for 
producing an optical fiber preform in that the second buffering gas inlet 
portion 22 is omitted, and flow rate control means 117 is provided on the 
exhaust pipe 17a of the exhaust portion 17. However, the other components 

20 are the same as the apparatus 1 for producing an optical fiber preform. The 
control unit 127 has data on a relation between the internal pressure of the 
sihca glass pipe 3 and a change of the dimension of the pipe for each heating 
position HI and a relation between the amount of the exhaust gas and the 
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internal pressure of the silica glass pipe 3, and it also has a calculation pattern 
which can calculate, on the basis of the data, the amount of the exhaust gas for 
securing the appropriate internal pressure of the silica glass pipe for each 
heating position Hi. 
5 [0036] The first control means 127a receives information of the heating 

position HI firom the position detecting means 25 and controls the amount of 
the exhaust gas from the exhaust portion 17 through the flow rate control 
means 117 according to a flow rate pattern which is determined for heating 
positions HI on the basis of the calculation pattern. The second control means 

10 127b calculates a targeted value of the internal pressure of the silica glass pipe 
3 for each heating position HI on the basis of the calculation pattern and 
controls the amount of the gas introduced in the buffer chamber 11 through 
the flow rate control means 21b so that the measured value of the internal 
pressure of the silica glass pipe 3, which is communicated from the pressure 

15 gauge 15, coincides with the targeted value. 

[0037] Besides the flow rate control means 117, the exhaust portion 17 
connected to the buffer chamber 11 further includes an exhaust pipe 17a 
communicating with the buffer chamber 11 and an exhaust control valve 17b 
for controlling the amount of the exhaust gas from the buffer chamber by 

20 adjusting the opening of the exhaust pipe 17a, as in the first embodiment. The 
amount of the exhaust gas may be controlled by a method of adjusting the 
opening of the exhaust control valve 17b. Even when the amount of the 
exhaust gas from the exhaust portion 17 is adjusted according to movement of 
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the heating position HI as in the apparatus 101 for producing an optical fiber 
preform, the internal pressure of the silica glass pipe 3 can be quickly 
controlled in a wide range, thereby exhibiting the same function and effect as 
in the first embodiment. 
5 [0038] Figure 5 is a conceptual view of an apparatus for producing an optical 
fiber preform according to a third embodiment of the present invention. An 
apparatus 201 for producing an optical fiber preform according to the third 
embodiment is a partial modification of the apparatus 1 for producing an 
optical fiber preform of the first embodiment. The apparatus 201 includes a 
. 10 CCD camera 231 for taking the dimension of the silica glass pipe 3 near a 

heating position and a dimension measuring means 230 comprising an image 
analysis and processing device 232 for analyzing an image taken with the CCD 
camera 231 and calculating the dimension (outer diameter, inner diameter, or 
wall thickness) of the silica glass pipe 3. 

15 [0039] A control unit 227 provided in the third embodiment includes a first 
control means 227a for controlling the amount of the gas introduced into a 
first buffering gas inlet portion 21 according to a flow rate pattern, which is 
previously determined for heating positions HI of a heat source 13 on the 
sihca glass pipe 3, a preferable pressure calculation unit 227b for determining 

20 a preferable value of the internal pressure of the silica glass pipe 3 necessary 
for conforming the measured dimension of the siUca glass pipe 3 near each 
heating position HI on the silica glass pipe 3 to the predetermined targeted 
pipe dimension, and a second control means 227c for feedback-controlling the 
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amount of the gas introduced in a second buffering gas inlet portion 22 so that 
the measured value of the pressvire gauge 15 detected by the pressure gauge 
15 coincides with the preferable value calculated by the preferable pressure 
calculation unit 227b. In the third embodiment, the preferable pressure 
5 calculation unit 227b obtains information of the dimension of the silica glass 
pipe 3 near each heating position from the results of analysis by the image 
analysis and processing device 232 of the dimension measuring means 230. 
[0040] In the apparatus 201 for producing an optical fiber preform, a glass 
layer 33 is deposited in the silica glass pipe 3 by externally heating the silica 

10 glass pipe 3 with the heat source 13 while the glass raw material is charged 
into the silica glass pipe 3 firom one of the ends thereof. At the same time, the 
amounts of the gases introduced in the buffer chamber 11 from the buffering 
gas inlet portions 21 and 22 are controlled by the control unit 227 to adjust the 
internal pressure of the silica glass pipe 3 to a desired value, thereby realizing 

15 production of an optical fiber preform with the MCVD method. 

[0041] Figure 6 is a block diagram showing the operation of the control unit 
of the apparatus for producing an optical fiber preform according to the third 
embodiment. In the control unit 227, the first and second control means 227a 
and 227b separately control the amounts of the introduced gases. The first 

20 control means 227a receives information of each heating position HI of the 
heat source 13 firom the position detecting means 25 and performs pattern 
control in which the amount of the gas introduced in the first buffering gas 
inlet portion 21 is controlled according to a flow rate pattern, which is 
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previously determined, on the basis of the information to change the internal 
pressure of the siUca glass pipe 3 to a predetermined pressure. 
[0042] In parallel with the processing of the first control means 227a, the 
preferable pressure calculation unit 227b measures, through the dimension 
5 measuring means 230, the outer diameter dimension as the dimension of the 
sihca glass pipe 3 near each heating position HI on the silica glass pipe 3 and 
thus performs a preferable pressure calculation step of determining the 
preferable value of the internal pressure of the siUca glass pipe 3 so that the 
measured pipe dimension may conform to the predetermined targeted pipe 
10 dimension. 

[0043] The second control means 227c feedback-controls the amount of the 
gas introduced into the second buffering gas inlet portion on the basis of the 
measured value of the internal pressure of the sihca glass pipe 3 so that the 
measured value of the internal pressure of the sihca glass pipe 3 detected by 

15 the pressure gauge 15 coincides with the preferable value calculated by the 
preferable pressure calculation unit 227b. The amounts of the gases 
introduced in the buffering gas inlet portions 21 and 22 may be controlled 
without calculation of the preferable internal pressure of the sihca glass pipe 3 
so that the measured dimension of the sihca glass pipe 3 coincides with the 

20 targeted dimension which is previously determined for each heating position 
HI of the heat source 13. 

[0044] As in the case of producing an optical fiber preform using the 
apparatus 1, in the method for producing an optical fiber preform using the 
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apparatus 201, the internal pressure of the silica glass pipe 3 is controlled by 
performing pattern control and feedback control in the process for producing 
an optical fiber preform according to the MCVD method so that the deviation 
in the outer diameter of the silica glass pipe 3 may be prevented when it is 
5 externally heated by the reciprocating heat source 13. 

[0045] In such case, the pattern control, which is performed, as in the first 
embodiment, for adjusting the internal pressure of the sihca glass pipe 3 by 
introducing a gas in an amount corresponding to the heating position HI of 
the heat source 13, is very useful for quickly and widely changing the internal 

10 pressure applied to the siUca glass pipe 3. On the other hand, the feedback 
control in the apparatus 201 for producing an optical fiber preform, which 
control is performed for feedback-controlling the amount of the gas introduced 
on the basis of the measured value detected by the pressure gauge 15 and the 
preferable internal pressure of the silica glass pipe 3 which is calculated by the 

15 preferable pressure calculation unit 227b, is very useful for precisely and 

finely adjusting the dimension of the silica glass pipe 3 to the predetermined 
targeted dimension. 

[0046] As in the first embodiment, the combination of the pattern control and 
the feedback control having different properties can rapidly control and 
20 converge the internal pressure of the siUca glass pipe to the targeted proper 
value without causing excessive response in the control operation even when 
the internal pressure of the siHca glass pipe 3 is controlled in a wide range. 
Therefore, even when the glass layer 33 is deposited at a high deposition rate 
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in the thin-walled silica glass pipe 3, satisfactory production can be 
continuously performed while preventing fluctuation in the dimension of the 
silica glass pipe 3. 

[0047] The dimension of the silica glass pipe 3 which is influenced by the 
5 internal pressure of the silica glass pipe 3 is the outer diameter, inner 

diameter, or wall thickness of the siUca glass pipe 3, and at least one of these 
dimensions may be monitored in the preferable pressure calculation step- a 
dimension parameter easy to measure can be determined by selecting a 
measurement device and measurement method necessary for measuring such 

10 dimension. Any one of the outer diameter, inner diameter, and wall thickness 
of the silica glass pipe 3 may be used as the dimension parameter provided 
that precise measurement is possible. This can contribute to improvement in 
control precision of the feedback control, thereby reahzing the production of a 
preform stably maintaining the dimension of the silica glass pipe 3. 

15 [0048] The methods to be adopted for measuring the dimension of the silica 
glass pipe 3 may be a method in which an image taken with the CCD camera 
is processed to measure the outer diameter, inner diameter, or wall thickness 
of the silica glass pipe 3, or a method in which the outer diameter of the silica 
glass pipe 3 near each heating position is measured using a laser outer 

20 diameter measuring device, or a method in which the outer diameter, inner 

diameter, or wall thickness is measured using transmitted X-rays, or a method 
in which the siUca glass pipe 3 is irradiated with an acoustic wave or light and 
the propagation time of the acoustic wave or the optical path length of the 



25 

Substitute SpeciGcation 
(Marked up Copy) 

light is analyzed to measure the wall thickness of the silica glass pipe 3. 
[0049] In the process for producing an optical fiber preform according to the 
MCVD method, as the deposition rate of the glass layer 33 in the siHca glass 
pipe 3 increases to, for example, 0.5 g/min or more, the amount of the glass 
5 layer deposited in the silica glass pipe 3 tends to change more in the 
longitudinal direction, and accordingly the control range of the internal 
pressure of the silica glass pipe 3 increases. In this case, as described above in 
each of the embodiments, it is very effective to combine the pattern control 
suitable for quickly adjusting the internal pressure of the pipe in a wide range 

10 and the feedback control suitable for finely and precisely controlling the 
internal pressure of the pipe in a narrow range. As a result, a stable 
production of preform products can be realized, and productivity of preform 
products can be improved by improvement of the deposition rate. 
[0050] The outer diameter of the pipe may be increased again by the internal 

15 pressure of the pipe after the diameter has been reduced by shrinkage of soot. 
Therefore, in the feedback control under predetermined conditions, the 
feedback control may be not satisfactorily performed depending on whether 
the position of the pipe where the dimension thereof is measured is in a state 
under shrinkage, under expansion, or post-expansion. For example, when the 

20 outer diameter is measured during shrinkage or expansion, an excessive 
internal pressure may be applied by the control, thereby greatly expanding the 
pipe. Also, since a position that is in a post-expansion state is 10 to 50 mm 
rearward of a portion where glass is becoming transparent, the control may be 
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delayed if the outer diameter is measured at the position of post-expansion 
state, and accordingly the internal pressure of the pipe may be greatly 
changed for compensating the delay, causing the outer diameter to greatly 
fluctuate periodically, 
5 [0051] Such great fluctuation in the outer diameter of the pipe easily occurs 
when the deposition rate of the MCVD method is 0.5 g/min or more and the 
deposit of soot is increased. It is also known that great fluctuation in the outer 
diameter easily occurs in a case of wide heat zone, such as a heat zone having 
a length of 50 mm or more, in which the temperature of the outer surface of 

10 the pipe is IGOO^^C or more. 

[0052] In order to avoid such great fluctuation in the outer diameter, 
preferably, the outer diameter is measured at a plurahty of points along the 
longitudinal direction of the pipe, and predictive control is performed 
estimating the post-expansion outer diameter of the pipe on the basis of the 

15 measurements. As a result, great fluctuation in the outer diameter can be 
suppressed. The measurement positions of the pipe preferably include a 
position in which the reduction of the diameter is not yet started, a position 
which is under reduction of the diameter, a position which is under expansion, 
and a position in which the expansion is completed. 

20 [0053] The term "predictive control" means, for example, a method in which 
control is performed by predicting the rates of diameter reduction and 
expansion of the pipe and the post-expansion outer diameter on the basis of 
measurement positions and the outer diameters at the respective 
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measurement positions, and by calculating the degree in which the present 
internal pressure applied to the pipe is to be increased or decreased. 
Alternatively, "predictive control" means a method in which the temperature is 
measured at each measurement position of the outer diameter or estimated by 
5 a heat transfer formula from a temperature measured at another position, and 
the viscosity of the pipe is determined on the basis of the temperature so that 
a degree of diameter reduction or expansion of the pipe due to surface tension 
is estimated to predict the post-expansion outer diameter. 
[0054] When the pressure is rapidly increased or decreased, the outer 

10 diameter is greatly changed if the control is delayed. Therefore, when the 

greatly changed outer diameter is used in control, further deformation in the 
opposite direction (rapid diameter reduction in the case where expansion has 
occurred, or rapid expansion in the case where diameter reduction has 
occurred) occurs. As described above, periodic great fluctuation easily occurs 

15 in the outer diameter, but this fluctuation can be avoided by limiting a rate of 
change in the internal pressure of the pipe in a range of ±50 Pa/sec or less. 

Example 1 

[0055] The actual internal pressures of silica glass pipes were compared with 
20 respect to Example 1, Comparative Example 1, and Comparative Example 2. 
In Example 1, using the apparatus 1 for producing an optical fiber preform, 
the amount of the buffering gas introduced was pattern-controlled by the first 
control means according to heating positions, and the amount of the buffering 
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gas introduced was feedback-controlled by the second control means so that 
the internal pressure of the pipe might be a targeted value, while in 
Comparative Example 1 only feedback control was performed, whereas in 
Comparative Example 2 only pattern control was performed. 
5 [0056] In any one of the examples, the sihca glass pipe used had an outer 
diameter of 34 mm, a wall thickness of 4 mm, and a length of 800 mm, and 
contained 0.2% by weight of CL As a heat source, a thermal plasma burner 
was used. The rate of reciprocation of the burner, i.e., the moving velocity of 
the heating position on the silica glass pipe, was 100 mm/min. The maximum 

10 temperature of the outer surface of the silica glass pipe was controlled at 
2200®C, and the synthesis rate of a glass layer was controlled to 1 g/min. A 
targeted value of the refractive index difference of the glass layer relative to 
pure silica glass was 0.40%. Also, a buffer chamber was provided at an end, 
and the internal pressure of the buffer chamber was regarded as the internal 

15 pressure of the pipe. The amount of exhaust gas was determined so that the 
internal pressure of the pipe was about -20 Pa without a flow of a buffering 
gas. Under these conditions, five glass layers were deposited by the MCVD 
method. 

[0057] It was found by the inventors that in the MCVD method performed 
20 under the above-mentioned conditions, the internal pressure of the silica glass 
pipe must be about +50 Pa when the heating position is near the source gas 
inlet end where a glass soot layer is deposited in a small amount, while the 
internal pressure of the silica glass pipe must be about +400 Pa when the 
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heating position is near the exhaust end where a glass soot layer is deposited 
in a large amount. 

[0058] Figures 7(a) and 7(b) are graphs plotting the targeted values (targeted 
pressure) and measured values of the internal pressure of the pipe and the 
5 flow rates of the buffering gas with regard to the heating positions. Figure 
7(a) is a graph of Comparative Example 1, and Fig. 7(b) is a graph of 
Comparative Example 2. In Comparative Example 1, as shown in Fig. 7(a), a 
difference of about ±40 Pa occurred between the targeted value and the 
measured value of the internal pressure of the siUca glass pipe, and 

10 consequently an error of about ±2 mm of the outer diameter of the siUca glass 
pipe occurred relative to a reference value. Also, the amount of the buffering 
gas introduced changed from 10 to 46 SLM (flow rate by liter/min under 
standard conditions) according to differences between the targeted value and 
the measured value of the internal pressure of the silica glass pipe. In 

15 Comparative Example 1, a solid glass rod of 500 mm length produced from the 
sihca glass pipe had a glass layer synthesis portion with a diameter of 5.5±0.2 
mm and a refractive index difference of 0.395±0.10% relative to pure siUca 
glass. Therefore, the solid glass rod had unsatisfactory quahty. 
[0059] In Comparative Example 2, the exhaust conditions were changed with 

20 changes in the amount of the buffering gas introduced, thereby causing a 
failure in which the exhaust portion was clogged with the soot produced 
during the deposition of the glass soot layer. In Comparative Example 2, as 
shown in Fig. 7(b), a difference of about ±40 Pa occurred between the targeted 
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value and the measured value of the internal pressure of the silica glass pipe, 
and consequently an error of about ±2 mm of the outer diameter of the silica 
glass pipe occurred relative to a reference value. Also, in Comparative 
Example 2, the amount of the buffering gas introduced changed from 10 to 45 
5 SLM with movement of the heating position. In Comparative Example 2, a 
solid glass rod of 500 mm length produced from the silica glass pipe had a 
glass layer synthesis portion with a diameter of 5.7±0.2 mm and a refractive 
index difference of 0.410±0.10% relative to pure silica glass. Therefore, the 
solid glass rod had unsatisfactory quality. 

10 [0060] Figure 8 is a graph plotting the targeted values and the measured 
values of the internal pressure of the pipe and the flow rates of the buffering 
gas with regard to the heating positions in Example 1. In Example 1, the 
amount of the gas 1, introduced from the frrst buffering gas inlet portion was 
changed from 2 to 18 SLM by pattern control. In addition, the amount of the 

15 gas 2 introduced from the second buffering gas inlet portion was changed from 
10 to 20 SLM by feedback control according to differences between the 
measured value and the targeted value of the internal pressure of the silica 
glass pipe. As a result, a difference between the internal pressure of the silica 
glass pipe and the targeted value could be suppressed to a very small value of 

20 ±3 Pa, and satisfactory control could be achieved. 

Example 2 

[0061] In Example 2, using the apparatus 201 for producing an optical fiber 
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preform, the amount of the buffering gas 1 introduced was pattern-controlled 
by the first control means according to heating positions, and the amount of 
the buffering 2 gas introduced was feedback-controlled by the second control 
means so that the internal pressure of the pipe might be a targeted value. 
5 Figure 9 is a graph plotting the targeted values and the measured values of 
the internal pressure of the pipe and the flow rates of the buffering gas with 
regard to the heating positions in Example 2. The silica glass pipe and heat 
source used were the same as in Example 1. A preform was produced under 
conditions in which a heat source velocity was 150 mm/min, the highest 

10 temperature of the outer surface of the siHca glass pipe was 2200*^C, the 

deposition rate of a glass layer was 1 g/min, and a targeted refiractive index 
difference of the glass layer relative to pure silica glass was 0.40%. The 
amount of exhaust was controlled so that the internal pressure of the silica 
glass pipe might be about -30 Pa without a flow of a buffering gas. Under 

15 these conditions, ten glass layers were deposited by the MCVD method. 

[0062] In the apparatus with the configuration shown in Fig. 5, feedback 
control was carried out with the preferable pressure calculation unit 227b and 
the second control means 227c so that the outer diameter of the siUca glass 
pipe measured by the CCD camera 231 might be 34 mm in diameter over the 

20 entire region in the longitudinal direction of the siUca glass pipe 3. Also, the 
amount of the gas introduced from the first buffering gas inlet portion was 
changed firom 8 to 40 SLM with movement of the heating position. The 
amount of the gas introduced firom the second buffering gas inlet portion was 
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feedback-controlled to be changed from 10 to 17 SLM according to differences 
between the measured value and the targeted value of the internal pressure of 
the sihca glass pipe. It was made possible to control the internal pressure of 
the sihca glass pipe 3 by feedback control using the preferable pressure 
5 calculation unit 227b and the second control means 227c such that the internal 
pressure of the sihca glass pipe was about +45 Pa when the heating position 
was near the source gas inlet end, while the internal pressure of the sihca 
glass pipe 3 was about +415 Pa when the heating position was near the 
exhaust end. 

10 [0063] In the production process of Example 2, a difference between the 
internal pressure of the sihca glass pipe and the targeted value could be 
suppressed to a very small value of ±3 Pa, and satisfactory control could be 
achieved. Also, the outer diameter of the sihca glass pipe was 34.0 ±0.2 mm in 
diameter, and the obtained results were more satisfactory than Example 1. 

15 Thus, a sohd glass rod of 500 mm length produced from the sihca glass pipe 
had a glass layer synthesis portion with a diameter of 5.6±0.1 mm and a 
refractive index difference of 0.400±0.06% relative to pure sihca glass. 
Therefore, satisfactory quahty with small fluctuation was obtained. 
[0064] Table 1 shows pressures (maximum pressure) required for 

20 maintaining the dimension of the sihca glass pipe constant at the downstream 
side (at one end) with respect to a raw material flow at the respective 
deposition rates of 0.2 to 2.0 g/min during deposition of glass layers in the 
sihca glass pipe by the MCVD method. A pressure (minimum pressure) 
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required for maintaining the dimension of the silica glass pipe constant at the 
upstream side (at the other end) with respect to the raw material flow is +45 
Pa at any one of the deposition rates of 0.2 to 2.0 g/min. Figure 10 is a graph 
plotting the maximum/minimum ratios of the internal pressure of the pipe 
5 with regard to the deposition rates shown in Table 1. 



[0065] Table 1 



Deposition Rate 
g/mm 


Maximum value of internal pressure of pipe 

Pa 


Ratio 


0.2 


+60 


1.3 


0.4 


+70 


1.6 


0.5 


+250 


5.6 


0.7 


+300 


6.7 


1.0 


+400 


8.9 


1.5 


+420 


9.3 


2.0 


+450 


10.1 



[0066] At any one of the deposition rates, the pressure required for 
maintaining the dimension of the siUca glass pipe constant differs between one 

10 end side of the pipe and the other end side. In order to prevent fluctuation in 
the dimension of the silica glass pipe 3 in the longitudinal direction, it is 
necessary to control the internal pressure of the silica glass pipe 3 with 
movement of the heating position. The necessary control range 
(maximum/minimum ratio) tends to increase as the deposition rate of the glass 

15 layer 33 increases. The maximum/minimum ratio is preferably set to 2 times 
or more. When the ratio is set to 2 times or more, the dimension of the silica 
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glass pipe 3 can be maintained constant even at a deposition of the glass layer 
33 of 0.5 g/min or more, as shown in Table 1 and Fig. 10. By repeating 
deposition of the glass layer 33 at a liigh deposition rate of 0.5 g/min or more, a 
large preform can be stably produced. 
5 [0067] In the method for producing an optical fiber preform according to the 
present invention, if an allowable difference between a measured outer 
diameter, as a dimension of the silica glass pipe 3, and a predetermined 
targeted outer diameter is previously determined and if an actually measured 
value is within the range of the allowable value, calculation of the preferable 

10 value regarding the internal pressure of the siUca glass pipe 3 on the basis of 
the difference between the measured value and the predetermined targeted 
value of the outer diameter can be omitted to simplify processing. Also, in this 
case, if the allowable value is specified in terms of a value in a region which is 
processed into an optical fiber, quality can be maintained in a range which 

15 causes no actual damage to an optical fiber even when a dimensional error 
occurs in the outer diameter. As a result, products with stable quality can be 
produced in high 3deld according to design specifications. Specifically, it is 
preferable that with a fluctuation in the outer diameter of the silica glass pipe 
3 after deposition of the glass layer 33 be set to ±1 mm or less in a region 

20 which is to be processed into an optical fiber in a subsequent processing step. 

Example 3 

[0068] Glass layers were deposited in a silica glass pipes by the MCVD 
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method using the apparatus 201 for producing an optical fiber preform in the 
following manners- in Example 3, pattern control and feedback control were 
carried out for controlling the outer diameter of a pipe to a predetermined 
value! in Comparative Example 3, only feedback control was carried out for 
5 controlling the internal pressure of a silica glass pipe to a predetermined 
value; and in Comparative Example 4, only feedback control was carried out 
for controlling the outer diameter of a pipe to a predetermined value. 
[0069] In any one of the example and the comparative examples, the silica 
glass pipe used had an outer diameter of 42 mm, a wall thickness of 3 mm, and 

10 a length of 800 mm, and contained 0.2% by weight of CI. As a heat source, a 
plasma burner using thermal plasma was used. The rate of reciprocation of 
the burner was 140 mm/min. The maximum temperature of the outer surface 
of the silica glass pipe was controlled to 2200®C, and the deposition rate of a 
glass layer was controlled to 0.2 to 3.0 g/min. In Example 3 and Comparative 

15 Examples 3 and 4, the predetermined value of the outer diameter of the pipe 
was 42 mm. Under these conditions, 20 glass layers were deposited by the 
MCVD method, and fluctuation in the outer diameter of the sihca glass pipe 
after completion of the deposition of the glass layers and fluctuation in the 
diameter of a solid glass rod produced fi:om the silica glass pipe were 

20 measured and compared (Table 2). 

[0070] The outer diameter of the silica glass pipe was measured by taking an 
image of an intermediate portion of 600 mm, excluding a portion of 100 mm 
fi-om either end of the pipe, with a CCD camera, and processing the image. 
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The diameter of the glass rod was measured for an intermediate portion of 450 
mm, excluding a portion of 200 mm from one of the ends of the glass deposit 
and a portion of 150 mm from the other end. 
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Deposition 
rate 
g/min 


Comparative example 3 


Comparative oxampio 4 


Example 3 


Fluctuation in 
outer diameter 
of pipe % 


Fluctuation in 
diameter of 
rod % 


Fluctuation in 
outer diameter 
of pipe % 


Fluctuation in 
diameter of 
rod W 


Fluctuation in 
outer diameter 
of pipe % 


Fluctuation in 
diameter of 
rod K 


0. 2 


±1. 8 


±1.2 


±0. 20 


±0. 35 


±0. 15 


±0.21 


0. 4 


±1. 9 


±1.5 


±0. 44 


±0. 38 


±0. 15 


±0. 22 


0. 5 


±2. 4 


±2. 0 


±1. 6 


±1. 2 


±0. 12 


±0. 21 


0. 6 


±3. 5 


±3. 1 


±1. 9 


±1. 5 


±0. 13 


±0. 22 


.1. 0 


±5.9 


±5. 2 


±3. 5 


±2.9 


±0. 15 


±0. 24 


1. 5 


±6.2 


±5.3 


±4. 4 


±3.8 


±0. 18 


±0. 26 


2.0 


±6. 8 


±5.2 


±4. 7 


±4.2 


±0. 24 


±0.31 


2.5 


±7.4 


±5.4 


±5.0 


±4.4 


±0. 35 


±0. 35 


3. 0 


±8. 5 


±5. 4 


±5.2 


±4.4 


±0. 44 


±0. 55 



[0072] Figure 11 is a graph showing plots of fluctuation in the outer diameter 
of the glass pipe with regard to the deposition rates in the example and 
comparative examples shown in Table 2. Figure 12 is a graph showing plots of 
fluctuation in the diameter of the glass rod with regard to the deposition rates 
in the example and comparative examples shown in Table 2. The 
measurement results indicate that in Comparative Examples 3 and 4, the 
outer diameters of the pipes and the diameters of the deposited portions of the 
rods greatly fluctuate with the deposition rates. However, in Example 3, the 
outer diameter of the pipe and the diameter of the deposited portion of the rod 
sUghtly fluctuate, thereby achieving satisfactory quality. 



Example 4 

15 [0073] Fluctuation in an outer diameter was evaluated in the case where 
glass layers of Ge02-P205*Si02 (refractive index difference of about 0.3% 
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[0071] Table 2 



5 



10 



38 

Substitute SpeciGcation 
(Marked-up Copy) 

relative to pure Si02) were deposited at a deposition rate of 1.5 g/min while a 
silica glass pipe having an outer diameter of 42 mm and a wall thickness of 3 
mm and containing 0.6% by weight of fluorine was heated with a thermal 
plasma burner used as a heat source so that the maximum temperature of the 
5 outer surface of the pipe was 1800°C. Figure 13 is a graph plotting the outer 
diameters of the silica glass pipe with regard to positions on the silica glass 
pipe in the longitudinal direction, using, as a parameter, the upper limit of a 
rate of change in the internal pressure of the siUca glass pipe in Example 4. In 
Fig. 13, I) shows the case where the rate of change in the internal pressure of 

10 the siUca glass pipe was not limited (the maximum variation was ±80 Pa/sec), 
II) shows the case where the rate of change in the internal pressure of the pipe 
was limited to ±60 Pa/sec, III) shows the case where the rate of change in the 
internal pressure of the pipe was limited to ±50 Pa/sec, IV) shows the case 
where the rate of change in the internal pressure of the pipe was limited to 

15 ±30 Pa/sec, and V) shows the case where the rate of change in the internal 
pressure of the pipe was limited to ±10 Pa/sec. In these cases, the respective 
average of the internal pressure of the pipe was about +200 Pa. 
[0074] Under the conditions of cases (I) and (II) in which the rate of change 
in the internal pressure of the pipe is large, the fluctuation in the outer 

20 diameter of the pipe is larger than ±1 mm in diameter, and satisfactory quality 
cannot be obtained by the MCVD method. In case (III) in which the rate of 
change was hmited to ±50 Pa/sec, the fluctuation can be suppressed to ±1 mm 
or less, but is larger than that in case (IV) in which the rate of change in the 
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internal pressxire of the pipe was limited to ±30 Pa/sec. In case (V) in which 
the rate of change in the internal pressure of the pipe was suppressed to ±10 
Pa/sec or leas, the rate of fluctuation in the internal pressiure of the pipe was 
excessively low, and thus the diameter was reduced in a portion in which the 
5 thickness of the soot deposit increased. However, in case (V), the fluctuation 
in the outer diameter could be suppressed to ±1 mm or less in diameter. 
[0075] Therefore, when the rate of change in the internal pressure of the 
pipe por unit timo is Limited to ±50 Pa/sec or less, more preferably ±30 Pa/sec 
or less, fluctuation in the outer diameter can be suppressed, and a satisfactory 
10 MCVD method can be carried out. When the rate of change in the internal 
pressure is limited, a rate of change of ±10 Pa/sec or more may be allowed. 



Example 5 

[0076] In the silica glass pipe 3 shown in Fig. 1, a large amount of opaque 
15 soot is deposited in a downstream region of the sihca glass pipe 3 and in the 
handUng pipe 6. Such soot is removed out by a soot removing means (not 
shown) and collected in a soot collecting unit 31 or discharged from the 
exhaust portion 17. However, a large amount of soot may remain in the 
downstream region of the silica glass pipe 3 and the handling pipe 6 without 
20 being completely removed off. When the internal pressure of the pipe is 

decreased, a backflow of the soot may occur. The backflow of the soot to an 
effective portion results in a defect of the resultant optical fiber preform, and 
thus the backflow is preferably prevented. It was found that the backflow of 
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soot easily occurs when the internal pressure of the pipe is substantially equal 
to the external pressure of the pipe. 

[0077] Table 3 shows the results of examination of the relation between the 
internal pressure of the pipe, the duration time of the internal pressure, and 
5 the presence of a backflow of soot. The internal pressure of the pipe includes a 
deviation of about ±3 Pa relative to the target value, and the retention time 
includes a deviation of about ±0.2 seconds. Since the backflow of soot does not 
always occur, the experiment was repeated (N = 20) under the same conditions, 
and the frequency of occurrences of the soot backflow was examined. 
10 [0078] Table 3 



Internal 
pressiire of pipe 


Duration time 
(sec) 


Frequency of occiirrence of soot backflow 
/ Number (N) of experiments 


-20 


1 


15/20 


0 


1 


8/20 


+20 


1 


0/20 


+20 


2 


2/20 


+20 


5 


8/20 


+40 


10 


0/20 



[0079] The results indicate that the possibility of the soot backflow increases 
as the internal pressure of the pipe decreases. It is also found that the 
possibility of the soot backflow increases as the retention time increases. 
15 Therefore, the internal pressure should preferably be more than +20 Pa, and 
even if the internal pressure becomes +20 Pa, the pressure of +20 Pa must not 
continue for 2 seconds or more. 
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[0080] The present invention includes the disclosure of the specification, the 
claims, the drawings, and the abstract of Japanese Patent Application No. 
2004-053842 (Application Date: February 27, 2004). 



Industrial Applicability 

[0081] A method and apparatus for producing an optical fiber preform 
according to the present invention are capable of producing an optical fiber 
preform with Uttle fluctuation in the dimension in the longitudinal direction. 
The method and apparatus are particularly useful for deposition of a glass 
layer in a thin-walled silica glass pipe at a high deposition rate. 



